Best  Available  Copy 


\ 

AD/A-001  754 

DESIGN,  DEVELOPMENT  AND  QUALIFICATION 
TESTING  OF  THE  U.  S.  NAVY  N ES  - 2i  A 
PARACHUTE  ASSEMBLY 

Jon  T.  Matsuo 

Naval  Aerospace  Recovery  Facility 

V J 


Best  Available  Copy 


T 


< 

TECHNICAL  REPORT  NO.  1-74 


NOTICES 

Qualified  requestors  may  obtain  copies  of  this  report  from  the  Defense  Documen- 
tation Center,  Cameron  Station,  Alexandria,  Virginia  22314.  Department  of 
Defense  contractors  must  be  established  for  DDC  services  or  have  "need  to 
know"  certified  by  cognizant  military  agency  of  their  project  or  contract. 

DDC  release  to  NTIS  is  not  authorized. 

When  U.S.  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  a definitely  related  government  procurement  operation,  the 
government  thereby  ’ncurs  no  responsibility  nor  any  obligation  whatsoever; 
and  the  fact  that  the  government  may  have  formulated,  furnished,  or  in  any 
way  supplied  the  said  drawings,  specifications,  or  any  other  data  is  not  to  be 
regarded  by  implication  or  otherwise,  as  in  any  manner  licensing  the  holder 
or  any  other  person  or  corporation  or  conveying  any  rights  or  permission  to 
manufacture , use  or  sell  any  patented  invention  that  may  in  any  way  be  related 
thereto. 


Do  not  return  this  copy;  retain  or  destroy. 


Reproduced  From 
Best  Available  Copy 


Best  Available  Copy 


Best  Available  Copy 


security  classification  of  this  page  r»n«i  Dm 


REPORT  DOCUMENTATION  PAGE 


READ  INSTRUCTION 
BEFORE  COAIPLFTING  FORM 


> recipient's  catalog  numbs* 


«.  title  <•«•*  Snammaj 


S Tyne  of  *(*OMT  a *(*100  COVC«(0 


Design,  Development  and  Qualification  Testing  of  Final 

The  U.S.  Navy  NES-21A  Parachute  Assembly 


t PERFORMING  0«G.  *L*0*T  NUMBER 


T.  AUTHOR!.) 

Jon  T.  Matsuo 


• CONTRACT  o*  grant  numbered 

NAVAIRSYSCOM  WR  1-8110 


*■  performing  ORGANIZATION  name  ano  address 

Naval  Aerospace  Recovery  Facility 
El  Centro,  California  92243 


10  PROGRAM  ELEMENT.  PROJECT  TASK 
AREA  t BURR  UNIT  NUMBERS 


■ I.  CONTROLLING  OFFICE  NAME  ANO  AOOPESS 


II.  REPORT  OATE 

July  1974 


IS.  NUMBER  OF  PAGES 

35 


MONITORING  AGENCY  NAME  • AOORCSSZlf  M If  .rail  fra*  Com,oflfti«  Off.r.J  IS.  SECURITY  CLASS,  (ol  IK  I.  tm port) 

UNCLASSIFIED 


Naval  Air  Systems  Command 
Washington,  D.  C.  20360 


mm 


B.  Distribution  statement  ioi  mi.  *•*<> n> 

Qualitied  requestors  may  obtain  copies  of  this  report  from  the  Defense 
Documentation  Center,  Cameron  Station,  Alexandria,  Virginia  22314.  Depart- 
ment of  Defense  contractors  must  be  established  for  DDC  services  or  have 
"Need  to  know"  certified  by  cognizant  military  agency  of  their  project  or  contract 


IT.  DISTRIBUTION  STATEMENT  (ml  Ml*  •AMrwrl  Nil  ratf  In  Blot  A JO.  II  MflAratl  Iran  RapMfJ 

tfTMUVJU)  FOR  PUBLIC  KELuiSX; 

IMCIZSUZXOB  iBEr-TMTT^p 


tJPPLCMCNTARY  WOT  Cj 


1#-  KEY  WORDS  (Cutlmii  «i  rtTtrt*  litfs  if  t 

Parachute  Qualification 
Parachute,  Seat  Type 
Aircrew  Escape 


My 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

US  of  Commote* 

Spneofuld.  VA  22151 


«ary  mnd  identify  fry  Mock  willH 


This  report  covers  the  design,  development,  and  the  U.  S,  Navy  Service 
Qualification  Program  conducted  on  the  NES-21A  personnel  parachute  assembly. 
The  NES-21A  assembly  was  designed  by  personnel  of  the  NAVAERORECOVFAC 
(Naval  Aerospace  Recovery  Facility)  for  use  in  ejection  seats  of  U.S.  Navy 
T-33B  and  QT-33A  aircraft.  The  NES-21A  design  objective  was  to  provide  a re- 
trofitable  replacement  for  the  existing  NS-3  personnel  parachute  assembly  which 


COITION  OF  1 NOV  «•  IS  OBSOLETE 


UNCLASSIFIED \ 

SECURITY  CLASSIFICATION  OF  THIS  RAGE  DMA  EM 


% - - 


Best  Available  Copy 


would  operate  with  a decreased  opening  time.  This  factor  would 
improve  aircrew  survivability  in  the  low  speed,  zero  altitude 
operational  envelope.  This  improvement  was  accomplished 
principally  by  the  incorporation  of  a 40-inch  diameter  internal 
pilot  cnute  and  main  canopy  PDVL  (Pull  Down  Vent  Lines). 

The  qualification  testing  program  was  based  on  MIL-STD-858, 
"Testing  Standard  for  Personnel  Parachutes".  Because  the 
NES-21A  parachute  assembly  is  identical  in  many  respects  to  the 
existing  NS- 3 parachute  assembly,  many  testing  requirements 
were  satisfied  by  virtue  of  its  high  content  of  similiar, 
previously  qualified  components. 

The  NES-21A  parachute  assembly  will  perform  satisfactorily  as 
presently  designed,  in  the  QT-33A  or  T-33B  aircraft  (with  T- 
33B  Airframe  Change  No.  187  incorporated)  at  90  KTAS  (Knots 
True  Airspeed)  and  above,  for  ground  level  and  higher  altitude 
ejections. 


1 


Best  Available  Copy 


TECHNICAL  REPORT  NO.  1-74 


U.S.  NAVAL  AEROSPACE  RECOVERY  FACILITY 
El  Centro,  California 


DESIGN,  DEVELOPMENT  AND  QUALIFICATION 
TESTING  OF  THE  U.S.  NAVY  NES-21A  PARACHUTE  ASSEMBLY 

by 

Jon  T.  Matsuo 

This  Technical  Report  has  been  reviewed  and  is  approved: 


Head,  Engineering  Department 


H . C . FISH 
Technical  Director 


Commanding  Officer 


July  1974 

it 


TECHNICAL  REPORT  NO.  1-74 


ABSTRACT 


This  report  covers  the  design,  development,  and  the  U.S.  Navy  Seryice 
Qualification  Program  conducted  on  the  NES-21A  personnel  parachute  assembly. 

The  NES-21A  assembly  was  designed  by  personnel  of  the  NAVAERORECOVFAC 
(Naval  Aerospace  Recovery  Facility)  for  use  in  ejection  seats  of  U.S.  Navy  T-33B 
and  QT-33A  aircraft.  The  NES-21A  design  objective  was  to  provide  a retrofitable 
repla.iment  for  the  existing  NS-3  personnel  parachute  assembly  which  would 
operate  with  a decreased  opening  time.  This  factor  would  improve  aircrew  surviv- 
ability in  the  low  speed,  zero  altitude  operational  envelope.  This  improvement 
was  accomplished  principally  by  the  incorporation  of  a 40-inch  diameter  internal 
pilot  chute  and  main  canopy  PDVL  (Pull  Down  Vent  Line). 

The  qualification  testing  program  was  based  on  MIL-STD-858,  "Testing  Standard 
for  Personnel  Parachutes".  Because  the  NES-21A  parachute  assembly  is 
identical  in  many  respe-cts  to  the  existing  NS-3  parachute  assembly,  many 
testing  requirements  were  satisfied  by  virtue  of  its  high  content  of  similiar, 
previously  qualified  components. 

The  NES-21A  parachute  assembly  will  perform  satisfactorily  as  presently  designed, 
in  the  QT-33A  or  T-33B  aircraft  (with  T-33B  Airframe  Chanae  No.  187  (iicoroorated) 
at  90  KTAS  (Knots  True  Airspeed)  and  above,  for  ground  level  and  higher 
altitude  ejections. 
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INTRODUCTION 


Background.  The  NAVAERORECOVFAC  was  directed  by  Naval  Air  Systems 
Command  to  conduct  a design  and  qualification  program  to  update  the  present 
T-33B  aircraft  ejection  seat  egress  system,  in  order  to  improve  the  low  speed/ 
altitude  egress  performance.  The  design  objective  was  to  improve  survivability 
within  an  ejection  envelope  of  90  KTAS  and  zero  altitude  AGL  (Above  Ground 
Level);  and  400  KTAS  and  3,000-ft.  altitude  MSL  (Mean  Sea  Level). 

Principal  features  of  the  proposed  improvement  are:  Multi-stage  drogue  parachute 
designed  to  provide  improved  seat/man  stabilization  and  deceleration; 

40-inch  internal  pilot  chute,  and  PDVL  (Pull  Down  V»nt  Line)  to  decrease  the 
deployment  and  development  times  respectively,  of  the  main  parachute. 

Purpose . Purpose  of  the  report  is  to  present  design  and  qualification  performance 
data  resulting  from  testing  of  the  NES-21A  parachute  assembly.  The  NES-21A 
was  designed  as  a low  cost,  retrofitable  parachute  which  would  improve  the 
operational  envelope  of  the  T-33  aircraft  ejection  system,  as  compared  to  the 
existing  NS-3  parachute  assembly. 

DESCRIPTION  OF  EQUIPMENT  TESTED 

General  , The  NES-21A  (Figure  1)  evolved  from,  and  thus  is  similar  to  the 
laiest  configuration  of  the  NS-3  parachute  assembly  currently  used  in  the  T-33 
series  aircraft;  both  assemblies  make  use  of  several  identical  components. 

1.  The  NES-21A  assembly  P/N  693AS103,  -1  (regular),  -2  (oversize),  differs 
from  the  NS-3  P/N  2&4AS100-1  (regular)  and  264AS109-1  (oversize)  in  the 
following  details: 

a.  30-in.  pilot  chute  is  replaced  with  a 40-in.  pilot  chute  (P/N  693AS106-1) 
(see  Figure  2) . 

b.  PDVL  (F/N  693AS107-1)  is  added  to  the  main  canopy  (see  Figure  3). 

c.  Container  (P/N  693AS104-1)  (see  Figures  4 and  5)  is  similar  to  the  NS-3 
container  (P/N  264AS101-1)  but  incorporates  two  additional  stow  loops  to 
accomodate  the  re-routed  arming  cable-hook  assembly  and  housing  of  the 
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FIGURE  NO.  1.  NES-21A  PERSONNEL  PARACHUTE  ASSEMBLY 
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FIGURE  NO.  3.  PULL  DOWN  VENT  LINES 
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automatic  parachute  actuator  (see  Figure  6)  to  permit  a more  direct  pull 
using  a floor-mounted  attachment  point,  and  one  pack  opening  band  (P/N 
MS70105-3)  is  added. 

2.  The  NES-21A  uses  the  following  items  which  are  identical  to  components 
of  the  NS-3  parachute  assembly: 

a.  Harness  (see  Figure  7) 

b.  Back  cushion,  seat  pan,  life  raft  and  emergency  oxygen  (see  Figure  8). 

3.  The  NES-21A  zero  delay  lanyard  subsystem  differs  from  the  current 

zero  delay  lanyard  and  incorporates  the  following  advantages  per  ACC  (Aircrew 
Systems  Change)  No.  181: 

a.  Eliminates  the  requirement  for  manual  hookup  at  take-off  with  subsequent 
unhooking  after  take-off  and  hookup  during  landing.  The  NES-21A  is  engaged 

at  all  times  thus  unburdening  the  pilot  and  minimizing  the  human  error  factor. 

b.  Eliminates  an  approximate  300-  to  400-]b.  side  load  on  the  seat  during 
ejection.  It  also  places  the  lanyard/aircraft  attachment  along  the  longitudinal 
cen*ar  line  of  the  aircraft  and  seat,  thus  reducing  the  actuation  force  from  300- 
400  pounds  to  10-20  pounds.  The  reduction  in  pull  force  improves  ejection 
performance  by  eliminating  eccentric  loading  that  exists  with  ACC  No.  181 
configuration.  The  actuation  force  (retardation  force  on  the  seat)  is  reduced 
to  a value  where  it  has  no  significant  effect  on  escape  performance. 

4.  The  procedure  for  stowing  canopy  suspension  lines  in  the  parachute  container 
for  the  NES-21A  differed  from  the  NS-3  in  order  to  accommodate  the  PDVL  used 

to  assist  parachute  deployment. 

Scope  of  Tests.  The  NES-21A  was  developed  and  tested  concurrently  with 
the  T-33B  ejection  seat  drogue  parachute  program. 

In  accordance  with  MIL-STD-858,  "Testing  St  andard  For  Personnel  Parachutes"  , 
the  following  standard  methods  far  developmental  and  qualification  testing  of 
man-carrying  parachute  assemblies  were  waived  either  entirely  or  partially 
on  the  basis  that: 

a.  It  is  not  a new  concept  (TI01,  T102,  T103,  T104,  T105  and  T107);  and 

b.  Its  similarity  with  qualified  equipment  (T106,  T108,  T109,  T110, 

Till  and  T112  considering  parachute  assemblies  NS-3,  NES-8B  with  PDVL 
and  LW-3B  with  40-in.  pilot  chute). 
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FIGURE  NO.  6.  MODEL  7000  AUTOMATIC  PARACHUTE  ACTUATOR 
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Qualification  was  based  on  the  results  of  the  following  tests  to  demonstrate 

the  suitability  of  the  40-in.  pilot  chute,  addition  of  the  PDVL  and  the  redesigned 

container: 

a.  Aircraft  ground  level  and  airborne  ejection  seat  system  tests  were 
conducted  for  qualification  testing  of  the  proposed  T-33B  ejection  seat  improve- 
ment program  of  which  the  NES-21A  is  a major  component.  Five  preliminary 
truck-launched  ejection  seat  system  tests  were  conducted  to  develop  and 
evaluate  systems  effectiveness  and  test  procedures.  Seventeen  airborne 
ejection  seat  system  tests  (11  with  drogue  chute  subsystem  and  6 without) 
were  conducted  to  evaluate  seat-man  collision  and  overall  performance 
effectiveness.  The  airborne  ejection  seat  system  tests  were  made  from  the 
rear  seat  of  a Navy  TF9J  aircraft  at  speeds  from  90  to  400  KIAS  (Knots  Indi- 
cated Airspeed)  and  altitudes  ranging  from  zero  feet  AGL  to  3,000-ft.  MSL. 

b.  Airdrop  tests  using  torso  dummies  were  conducted  for  design  evaluation, 
airblast  integrity,  performance  evaluation,  and  qualification  testing  of  the 
NES-21A.  Fourteen  torso  dummy  airdrop  tests  were  made  using  Navy  NU1B, 

C-47  and  A-3B  aircraft.  All  tests  were  conducted  using  main  riser  strain  gage 
links  to  obtain  individual  riser  forces  during  parachute  deployment  and  develop- 
ment. Launch  speed  varied  from  90  to  170  KIAS  with  all  drops  being  made  at 
3,000-ft.  MSL  and  a gross  weight  of  263  (+)  5 pounds. 

c.  Twelve  live  jump  tests  were  conducted  to  man-rate  the  NES-21A 
parachute  assembly.  All  live  jumps  were  made  from  the  Navy  NU1B  and  C-47 
aircraft  at  6,000-ft.  MSL  altitude,  and  at  speeds  of  44  to  90  KIAS. 

METHODS  OF  TEST 
Data  Acquisitio  i and  Reduction. 

1.  Space  Positioning.  Askania  and  Contraves  cinetheodolite  cameras  were 
used  on  all  tests  (except  the  five  ground  level  runway  ejection  seat  system 
tests)  to  obtain  event  times,  altitude  losses,  airspeeds,  rates  of  descent  and 
dynamic  pressures.  The  data  were  corrected  to  compensate  for  surface  winds 
and  standard  National  Advisory  Committee  for  Aeronautics  day  conditions. 

A Bowen  Model  6 acceleration  camera  operated  at  60  f.p.s.  (frames  per  second) 
was  used  on  the  five  ground  level  runway  ejection  seat  system  tests  to  obtain 
event  times  and  altitude  data. 

2.  Telemetric  Equipment.  TM  (Telemetric  Equipment)  was  used  in  conjunction 
with  main  riser  strain  gage  links  to  obtain  left-  and  right-hand  riser  forces 
during  parachute  deployment  and  opening  for  the  torso  dummy  tests.  Total 
riser  force  time  histories  were  obtained  by  electronic  summation  of  left-  and 
right-hand  riser  forces. 
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3.  Photographic  Equipment.  16mm  cameras  were  used  on  all  tests  for  ground- 
to-air.  plane-to-air , and  air-to-air  motion  picture  coverage.  Color  film  was 
exposed  at  rates  of  50,  64,  100,  128  and  200  f.p.s.  and  still  photographs  were 
taken  to  document  rigging  and  damage  using  a press-type  camera. 

TEST  METHODS  AND  PROCEDURES 
Ejection  Seat  System  Tests. 

1.  Test  Equipment.  The  NES-21A  was  tested  in  its  operational  environment 
as  a component  part  of  a proposed  modified  T-33B  aircraft  ejection  seat  egress 
system.  The  seat  modifications  primarily  consisted  of  the  addition  of: 

a.  A rocket  catapult 

b.  An  automatic  0.5-second  delay  seat-man  separation  system 

c.  Seat  bucket  filler  blocks 

d.  A seat  drogue  parachute  system  (except  on  six  tests  where  no  drogue 
chute  was  used  for  comparative  purposes);  and 

e.  A center  floor  attach  point  for  the  automatic  parachute  actuator  arming 
cable  snap  hook. 

The  tests  results  of  the  proposed  modifications  to  the  T-33B  ejection  seat  egress 
system  are  the  subject  of  a separate  document  NAVAERORECOVFAC  Technical 
Report  No.  6-74.  Articulated  dummies  weighted  either  to  145  or  210  (+5) 
pounds,  were  used  for  all  ejection  seat  tests  of  the  NES-21A. 

2.  Test  Procedure.  Seventeen  T-33  ejection  seat  system  tests  were  conducted 
with  the  system  being  launched  from  the  rear  seat  of  a Navy  F-9  aircraft. 

Test  events/procedures  were  as  follows: 

a.  At  the  proper  time,  an  electrical  circuit  was  closed  and  a pressure 
cartridge  fired,  which  in  turn  actuated  an  M-28  gas  initiator.  This  simultaneously 
fired  the  rocket  catapult,  the  drogue  gun  assembly  (except  on  six  tests),  and 

the  one-half-second  time  delay  M-72  gas  initiator  of  the  seat/man  separator 
system . 

b.  Upward  movement  of  the  ejection  seat  in  turn  pulled  the  arming  cable 
of  the  NES-21A  automatic  parachute  actuator  equipped  with  a 2-second  time 
delay  pyrotechnic  cartridge. 
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c.  Approximately  0.2  seconds  after  the  rocket  catapult  had  fired,  the 
drogue  gun  (except  on  six  tests)  fired  and  deployed  the  drogue  parachute 
canopy.  At  approximately  0.5  seconds  after  rocket  catapult  actuation, 
seat/man  separation  and  rocket  burnout  occurred. 

d.  The  seat  and  dummy  free- fell  separately  for  approximately  1.5 
seconds.  Approximately  2.0  seconds  after  first  movement  of  the  ejection  seat, 
the  automatic  parachute  actuator  opened  the  NES-2IA  parachute  container. 

e.  A spring-loaded,  40-inch  diameter  pilot  chute  deployed  the  standard 
28— ft . diameter,  flat  circular  personnel  parachute  canopy  with  standard  short 
PDVL  incorporated . 

Airdrop  Torso  Dummy  Tests. 

1.  Test  Equipment.  The  test  equipment  consisted  of  a 263-  (+5)-pound 
torso  dummy  with  telemetric  cavity  and  a reserve  recover’'  parachute;  the 
NES-21A  parachute  assembly  which  had  been  modified  to  accept  main  riser 
strain  gage  links  and  a 2 -channel  TM  package.  A NAVAERORECOVFAC- 
designed  PDVL  "daisy  chain"  manual  release  subassembly,  and  the  standard 
U.S.  Air  Force  4-line  (rear)  release  subassembly  were  incorporated  during 
four  tests  (Nos.  1587,  1588,  0122  ard  0123)  to  check  structural  integrity  and 
compatibility  of  the  release  subassemblies  with  the  NES-21A  before  the  live 
jump  tests  were  conducted. 

2.  Test  Procedures.  In  tests  conducted  from  the  U-1B  and  C-47  aircraft, 
the  torso  dummies  were  launched  individually  from  the  side  door.  For  these 
tests,  the  dummies  were  placed  in  an  upright  position  adjacent  to  the  door  and 
then  pushed  out  chest  first.  After  exit  of  each  dummy,  the  Model  7000  automatic 
parachute  actuator  of  the  NES-21A  (2-second  time  delay)  and  the  F-1B  automatic 
reserve  parachute  actuator  (10-second  time  delay)  were  armed  simultaneously 
by  a static  line  3 feet  long. 

In  tests  conducted  from  the  A-3  aircraft,  the  dummies  were  released  individually 
from  compartmented  racks  installed  in  the  aircraft's  bomb  bays.  The  dummies 
were  positioned  in  the  racks  with  the  head  toward  the  line  of  flight  and  the 
parachute  container  facing  upward.  After  exit  of  the  dummy,  the  same  pro- 
cedures and  equipment  were  used  to  arm  the  automatic  parachute  actuators 
as  with  tests  from  the  U-1B  and  C-47  aircraft. 

The  TM  equipment  was  calibrated  and  checked  out  immediately  prior  to  each 
launch. 
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Live  Jump  Tests. 

1.  Test  Equipment . Each  parachutist  used  a NES-21A  assembly  and  wore 
an  underharness  to  which  a reserve  parachute  assembly  had  been  attached. 

The  NES-21A  was  modified  to  incorporate  the  PDVL  daisy  chain  type  of 
manual  release  and  the  standard  Air  Force  rear  suspension  line  release 
subassemblies  previously  tested  on  torso  dummies . These  modifications  were 
made  to  alleviate  any  dangerous  canopy  oscillations  and  to  minimize  the 
possibility  of  ground  impact  injuries. 

2.  Test  Procedures.  Each  parachutist  assumed  the  uncontrolled  airborne 
position  - feet  extended  but  together,  head  down  looking  toward  feet,  hands  over 
reserve,  elbows  close  to  sides  and  torso  bent  slightly  forward.  After  a time 
delay  of  2 to  5 seconds,  the  NES-21A  parachute  assembly  ripcord  handle  was 
pulled  manually. 

The  test  parachutists  were  instructed  to  descend  normally  during  the  first 
1,000  feet  and  then  to  take  whatever  action  they  deemed  necessary  in  an  effort  to 
minimize  discomfort  and  avoid  ground  impact  injuries.  A jumper's  evaluation 
report  was  submitted  by  all  test  parachutists,  as  a means  of  recording  his 
subjective  evaluation 

Test  Results  .*nd  Discussion . 

Ejection  Seat  System  Tests.  The  test  results  and  applicable  remarks  are 
shown  in  Table  I.  Figures  9 and  10  depict  graphically  the  most  pertinent 
data. 

The  runway  (ground  level)  ejection  seat  test  results  were  not  plotted  on 
Figures  9 and  10  because  airspeed  data  required  for  specific  events  were  not 
available.  The  opening  time  intervals  (pack  open  to  canopy  first  full  open)  were 
consistent  with  only  0.5  seconds  difference  between  the  slowest  and  the 
fastest.  The  altitude  losses  during  the  time  intervals  from  pack  open  to 
canopy  first  full  open,  varied  from  8 to  64  feet.  The  56-foot  variation  in 
altitude  loss  is  considered  acceptable  for  the  low  altitude/low  airspeed, 
pack  open  environment.  The  method  of  measurement  used  had  an  accuracy 
of  + 5 feet . 

Figure  9 depicts  the  opening  time  interval  envelope  (pack  open  to  canopy  first 
full  open)  versus  airspeed  at  pack  open.  The  variations  in  opening  time 
interval  are  typical  for  uncontrolled  pilot  chute  deployment. 
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FIGURE  NO.  9.  EJECTED  SEAT  TESTS,  NES-21A  PARACHUTE  ASSEMBLY, 
OPENING  TIME  (PACK  OPEN  TO  CANOPY  FIRST  FULL 
OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN 
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FIGURE  NO.  10.  EJECTED  SEAT  TESTS,  NES-21A  PARACHUTE  ASSEMBLY. 

ALTITUDE  LOSS  DURING  OPENING  (PACK  OPEN  TO  CANOPY 
FIRST  FULL  OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN 
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FIGURE  NO.  II.  TORSO  DUMMY  TESTS.  NES-21A  PARACHUTE  ASSEMBLY, 
OPENING  TIME  (PACK  OPEN  TO  CANOPY  FIRST  FULL 
OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN 
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FIGURE  NO.  12.  TORSO  DUMMY  TESTS,  NES-21A  PARACHUTE  ASSEMBLY, 
ALTITUDE  LOSS  DURING  OPENING  (PACK  OPEN  TO  CANOPY 
FIRST  FULL  OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN 
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FIGURE  NO.  13.  TORSO  DUMMY  TESTS,  NES-21A  PARACHUTE  ASSEMBLY. 

MAXIMUM  OPENING  FORCE  VERSUS  AIRSPEED  AT  PACK 
OPEN 
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FIGURE  NO.  15.  TORSO  DUMMY  TESTS,  NES-21A  PARACHUTE  ASSEMBLY , 
MAXIMUM  OPENING  FORCE  RATE  OF  ONSET  VERSUS  AIR- 
SPEED AT  PACK  OPEN 
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Figure  10  depicts  the  altitude  loss  (during  pack  open  to  canopy  first  full 
open  envelope)  versus  airspeed  at  pack  open.  The  variation  of  81  feet  for  the 
entire  pack  open  airspeed  range  is  not  unusual  for  uncontrolled  pilot  chute 
deployment. 

Torso  Dummy  Airdrop  Tests.  Test  results  and  applicable  remarks  for  each 
test  are  presented  in  Table  II.  Figures  11  through  15  depict,  in  graphic 
form,  the  pertinent  data  from  Table  II.  Data  from  test  No.  1584N  were  not  used 
because  of  major  damage  to  50  percent  of  the  parachute  drag  surface. 

Figure  11  depicts  the  opening  time  interval  envelope  (pack  open  to  canopy 
first  full  open)  versus  airspeed  at  pack  open.  The  variations  in  opening 
time  interval  are  considered  excellent. * 

Figure  12  shows  the  altitude  loss  (during  pack  open  to  canopy  first  full  open) 
envelope  versus  airspeed  at  pack  open.  The  80-foot  (maximum)  variation 
for  the  entire  pack  open  airspeed  range  is  considered  excellent.* 

Figure  13  depicts  the  maximum  opening  force  envelope  versus  airspeed  at 
pack  open  measured  at  the  parachute  risers.  A typical  force-time  history  is 
illustrated  in  Figure  14.  The  absence  oi  anv  significant  snatch  force  is 
typical  of  uncontrolled  deployment. 

Figure  15  shows  the  opening  force  rate  of  onset  envelope  (pounds  per  second) 
versus  airspeed  at  pack  open.  For  drop  test  No.  1590N  (Figure  14),  the 
maximum  increase  in  opening  force  was  4800  pounds  during  a period  of  0.63 
seconds  for  an  average  value  of  7,620  pounds  per  second.  Bc.h  the  average 
maximum  opening  force  and  the  average  opening  rate  of  onset  of  the  NES-21A, 
when  compared  with  the  other  Navy  operational  emergency  personnel  parachute 
assemblies  (at  comparable  pack  open  airspeeds)  were: 

a.  Approximately  the  same  as  the  NES-8B  or  NES-14A,  which  utilizes 
the  short  PDVL: 

b.  Greater  than  the  average  maximum  opening  force  and  lower  than  the 
average  opening  force  rate  of  onset  of  the  NB-11  , NES-12C,  NES-15A,  which 
utilize  the  spreading  gun  . 

♦The  use  of  aerodynamically  clean  torso  dummies  tended  to  downgrade  the 
significance  of  the  relatively  small  variations  when  compared  with  tests  in 
which  articulated  dummies  were  used. 
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OPENING  TIME  (PACK  OPEN  TO  CANOPY  FIRST  FULL  OPEN) 
VERSUS  AIRSPEED  AT  PACK  OPEN 


FIGURE  NO.  17.  LIVE  JUMP  TESTS,  NES-21A  PARACHUTE  ASSEMBLY. 


ALTITUDE  LOSS  DURING  OPENING  (PACK  OPEN  TO  CANOPY 
FIRST  FULL  OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN 
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Live  Jump  Tests.  Test  results  and  applicable  remarks  for  each  test  are  pre- 
sented in  Table  III.  The  data  from  test  No.  1577  were  not  used  due  to  entangle- 
ment of  the  pilot  chute  with  the  parachutist  and  the  main  parachute  canopy. 

Figures  16  and  17  depict  graphically  the  pertinent  data  shown  in  Table  III. 

Figure  16  shows  the  opening  time  interval  envelope  (pack  open  to  canopy  first 
full  open)  versus  airspeed  at  pack  open.  The  opening  time  intervals  varied 
from  1.2  to  2.0  seconds  or  an  0.8-sccond  maximum  variation  in  opening  time. 

Figure  17  shows  the  altitude  lost  during  pack  open  to  canopy  first  full  open 
envelope  versus  airspeed  at  pack  open.  The  altitude  lost  varied  from  79  to 
214  feet.  The  variation  may  be  due  to  the  body  position  of  the  accelerating 
parachutist  (cither  rapid  or  slow  acceleration)  and  the  initial  effectiveness 
of  the  pilot  chute  (aerodynamic  interference  of  the  parachutist). 

Although  there  is  no  specific  limitation  as  to  the  maximum  force  (opening 
shock)  or  the  force  rate-of-onset  imposed  on  the  crewmember  during  parachute 
deployment,  it  is  believed  that  the  NES-21A  borders  on  the  edge  of  safe,  human 
tolerance  levels  of  impact  force  in  the  head-to-toe  axis.  The  test  subjects 
who  parachuted  using  the  NES-21A  objected  to  the  extreme  opening  shock 
discomfort  and  the  extreme  oscillations  induced  by  the  (unbroken)  PDVL's 
which  can  cause  nausea  and  injuries  on  ground  impact  due  to  unpredictable 
landing  attitudes.  Both  the  opening  force  and  the  oscillation  magnitude  en- 
countered by  the  test  parachutists  were  higher  than  desired  but  considered 
acceptable  since  they  are  comparable  to  other  Navy  parachutes  such  as  the 
NES-8B  and  NF.S-14A  assemblies. 

Test  Data  Comparison . As  a means  of  evaluating  the  NES-21A  performance 

data  noted  in  Tables  I.  II,  and  III,  data  from  previous  tests  of  similar  contemporary 

escape  system  parachute  assemblies  were  reviewed  on  a comparative  basis. 

Data  from  the  following  tests  were  used: 

Table  IV,  Navy  torso  dummy  drops  of  the  NB-li  parachute  assembly  equipped 
with  the  Stencel  spreading  gun  and  a 50-inch  external  pilot  chute. 

Table  V,  Navy  live  jump  tests  of  NB-11  parachute  assembly  equipped  with 
the  Stencel  spreading  gun  but  without  an  external  pilot  chute. 

Table  VI,  Air  Force  Torso  dummy  tests  using  the  Air  Force,  standard,  free- 
type,  back-style  parachute  assembly  equipped  with  the  Stencel  spreading  gun 
and  without  quarter-bag  or  external  pilot  chute.  The  assembly  was  packed 
in  accordance  with  Air  Force  T.O.  14D1-2-81  except  that  the  spreading  gun 
was  Installed 
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Navy  NB-7  back-style  modified  parachute  assembly*  averaged  test  results  of 
26  tests. 

Figure  18  summarizes  the  opening  time  interval  envelope  of  the  NES-21A 
assembly  (from  Tables  I,  II,  and  III)  compared  to  the  comparative  data  contained 
in  Tables  IV,  V,  and  VI.  It  is  considered  impracticable  to  obtain  parachute 
deployment  or  development  time  intervals,  when  uncontrolled  parachute 
deployment  is  involved,  because  separation  of  the  two  specific  phases  is  not 
possible.  The  opening  time  interval  (pack  open  to  canopy  first  full  open)  of  a 
parachute  assembly  versus  pack  open  airspeed,  was  chosen  as  one  of  the 
primary  parachute  performance  comparison  parameters.  The  NES-21A 
and  the  NB-7  are  considered  to  have  uncontrolled  parachute  deployment  and  the 
Stencel  spreading  gun-equipped  assembly  to  have  controlled  parachute  deploy- 
ment. The  NES-21A  had  an  equal  or  shorter  opening  time  (pack  open  to 
canopy  first  full  open)  at  all  test  airspeeds  at  pack  open  when  compared  with 
current  Navy  and  Air  Force  parachute  assemblies  equipped  with  the  Stencel 
spreading  gun  and  that  averaged  by  a Navy  NB-7  parachute  assembly. 


Figure  19  depicts  test  data  concerning  the  altitude  lost  during  parachute  pack 
open  to  canopy  first  full  open  envelope  versus  pack  open  airspeed  for  comparable 
parachute  assemblies.  The  altitude  lost  during  parachute  opening  for  the 
NES-21A  assembly  equaled  that  for  all  test  airspeeds  at  pack  open,  when  compared 
with  the  Navy  and  Air  Force  assemblies  equipped  with  the  Stencel  spreading 
gun  and  the  averaged  Navy  NB-7  parachute  assembly. 

CONCLUSIONS 

1.  The  NES-21A  parachute  assembly  will  perform  satisfactorily  as  presently 
designed,  in  the  QT-33A  or  T-33B  aircraft  (with  T-33B Airframe  Change  No. 

187  incorporated)  at  90  KTAS  and  above,  for  ground  level  and  higher  altitude 
ejections. 

2.  The  standard,  short,  single-stage  PDVL  does  decrease  the  opening  tine 
(pack  open  to  canopy  first  full  open)  of  the  NES-21A  parachute  assembly  at  all 
tested  airspeeds. 

3.  The  unbroken  PDVL  weak  link  is  the  cause  of  the  very  high  canopy 
oscillations  that  occurred  during  descent. 

*NAVAERORECOVFAC  technical  paper,  "A  Comparison  of  Parachute  Opening 
Shock  Experience  By  Humans  and  Human  Analogs",  by  Jon  O.  Baldock , Donald 
H.  Reid,  John  A.  Buckman  , Joseph  E.  Doerr,  and  John  D.  Whitecar,  dated 
1 October  1973. 
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FIGURE  NO.  18.  COMPARISON  OF  OPENING  TIME  (PACK  OPEN  TO  CANOPY 
FIRST  FULL  OPEN)  VERSUS  AIRSPEED  AT  PACK  OPEN  OF 
VARIOUS  CURRENT  ESCAPE  SYSTEM  PARACHUTE  ASSEMBLIES 
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FIGURE  NO.  19.  COMPARISON  OF  ALTITUDE  LOSS  DURING  OPENING  (PACK 
OPEN  TO  CANOPY  FIRST  FULL  OPEN)  VERSUS  AIRSPEED 
PACK  OPEN  OF  VARIOUS  CURRENT  ESCAPE  SYSTEM 
PARACHUTE  ASSEMBLIES 
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4.  The  NES-21A  parachute  harness  (unchanged  from  the  NS-3,  NB-6,  NB-8) 
is  not  optimized  for  high  opening  force  parachute  assemblies.  The  lack  of 
parachute  canopy  releases  make  this  harness  potentially  dang'.rous,  particularly 
when  high  wind  conditions  during  landing  increase  the  danger  of  being  dragged. 


RECOMMENDATIONS 

1.  The  NES-21A  parachute  assembly  be  adopted  for  Fleet  operational  use  in 

the  T-33B  and  QT-33A  aircraft  when  T-33B  Airframe  Change  No.  187  (or  equiva- 
lent) has  been  incorporated . 

2.  The  standard,  >rt  PDVL,  common  to  many  parachute  assemblies,  is 
acceptable  but  in  ne  of  improvements  because: 

a.  The  weak  link  o ; designed  is  too  strong  and  is  the  primary  cause  of  the 
high  opening  forces  encountered  at  all  tested  airspeeds;  and 

b.  The  unbroken  weak  link  is  the  cause  of  the  very  high  canopy  oscillations 
that  occur  during  descent  of  the  NES-21A  parachute  assembly. 

3.  The  NES-21A  parachute  assembly  harness  should  be  replaced  by  the  stand- 
ard MA-2  integrated  parachute-restraint  harness,  for  flight  safety  reasons 

as  stated  in  paragraph  4 . of  CONCLUSIONS  above . 


***** 
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(1)  Reproduced  from  Air  Force  Flight  Teal  Center  Technical  Report  No.  t»0  18. 

(2)  Twisted  line  tests. 

(3)  Opening  time  data  plotted  to  nearest  tenth  of  a second. 


